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LATE QUATERNARY VEGETATION AND CLIMATE IN TIIE
ESCALANTE RIVER BASIN ON TIHE CENTRAL COLORADO PLATIEAU

Kim Withers! and Jim L. Mead?

ABSTRACT—Five alcoves (rock shelters) in the Forty-Mile Canyon-Willow Guleh area of the Escalante River Basin in
southeastern Utah yielded rich deposits of late Quaternary macrobotanical remains. The deposits were sampled and the
contents identified in order to construct a chronology of vegetational change. Fourteen radiocarbon dates indicate that the
{ossils were deposited hetween 12,690 and 7510 vr BT (vears before present).

Ninety-one plant taxa were identilied, 62 to species. Six species were common to all alcoves: Gabel oak (Quercus
gambelii), box-elder (Acer negundo), prickly pear (Opuntia subgenus Platvopuntia). skankbush (Rhus aromatica var.
trilobata), serviceberry (Amelanchicr utahensis), and Indian ricegrass (Oryzopsis lypmenoides).

Late Pleistocene samples (>11.000 yr B.P) contain extralocal. elevationally depressed species such as Douglas {ir
(Pseudotsuga menziesit), spruce (Picea sp.), and mountain mahogany (Cercocarpus ledifolius), and mesophytic species sucli
as rose (Rosa woodsii) and water birch (Betula occidentalis). l‘,all) Holocene samples (11,000-5000 vr B.P.) contain no
elevationally depressed conifers. and the remaining mesophivtic species decrease in relative abundance. Reticnlated
hackberry (Celtis reticulata) becomes common. The terminal Early Holocene sample (S000-7000 vr B.P) contains abundant
Gambel oak and prickly pear. but little else.

Paleoclimatic interpretations for the Late Pleistocene correspond well to those of most other workers on the Colorado
Platean. Climates that were wetter and at least seasonally: cooler than they are today are inferred from the macrobotanical
assemblage. However, the increased moisture is attributed to higher stream base levels und increased gronndwater rather
than directly to increased precipitation. Early Holocene climates are interpreted as warmer and drier than those of the Late
Pleistocene but still wetter than the present climate. Groundwater levels appear to he decreasing due to stream
entrenchment. Terminal Early Holocene climates were nich warmer and at least seasonally drier. By the end of the period.
groundwater levels had decreased so much that the alcoves were unable to snstain plant connnunities: stream base level
was probably near the present level.

Key words: Quaternary. Colorado Plateau, plants, oak. Querens, Pleistocenc.

The Colorado Platean has heen the focus of The macrofossils in this study (Withers 1959)
late Quatemnary paleoecologic work in the Tast — were excavated from sandstone aleove (rock
decade; however, the late Quaternary plant shelter) alliviun and thns can represent only
communities of the central platean, sontheast- the commmmity of the microhabitat where the
em Utah, are still inadeqnately known because deposit was found. The objectives of this re-
of the few case studies conducted. Late Pleisto-  search were to deseribe and to explore the [P
cene—Early Holocene plant commmnmities of the ](‘()(‘l)\“l]()mll(]l.t‘.ll ”“[)]K‘"'”‘”‘s of changes in
central plateau have been described  using plant commumities through time.
macrofossils fornd in the alluvial deposits

from Cowbov Cave (Spaulding and Peterson STUDY AREA
1980, Sl)dll](hll" and Van Devender 1950),
from scattered packrat (Neotoma spp.) mid- From 1986 to 1988 ficld crews from Quater-

dens from the Paradox Basin (Betancourt nany Studies Program, Northem Arizona Uni-
1984, 1990), and from the megahierbivore versity, explored several alcoves in the Forty-
dung blankets from Bechan Cave (Davisetal.  \Jjle ¢ Canvon and Willow Guleh areas of the
19584, Mead et al. 1986), Cowboy Cave (Han- Escalante River Basin (Glen C anyon National
sen 1980). and various alcoves (Mead and — Recreation Area: Fig. 1), which is the eastern
Agenbroad 1989, 1992). boundary of the Kaiparowits Basin. Becanse

’\\ ildlife andt Fisheries Sciences, Texas A&M University, College Station, Texas 77943
“Quaternary Studies Program and Department of Ge: ology . Northem Anzona University Box 3644 Flagstafl, Arizona S611 Ac Tdress for all correspondence
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Fig b NEp ol the Sonthwest locating the Colorado Platean tdelineated by stipples).

Caleh B Bechan Cave: € Cowbaoy Cane

o stidyis on lands administered by the Na-
tional Park Senvice. we were I’(‘(]H(’St()(l not to
locate the alcoves ton amap orina description)
with any precision. Somewhat more detailed
dese n]mm s of the alcoves are in Mead and
\cenbroad 1992 . Anvone needing forther de-
scrphions of locations may contact the l(’Ul()IId]
scicntist at the Rocky Momntain ]\(‘Ul()ll‘ll Of-
fice: Demver Colorado, AUlcast 31 plant taxa
presenth live in the Raiparowits Basin, resulting
nemany diverse local plant associations (Welsh

ctal 1TSS Tinonomice terminolooy follows
Velsh etal T9s7

e cnmnons ent 'lllllll"]l the Nawvajo Sand-
stonc and the vipper mnits of the more resistant

KNaventa Fornation ||y:‘
heen formed il r

\[i'.llllll'_[ wall exiols

1?(‘0\(«:11)])(*;11'1(1]1;1\(-
s bedded sandstone by
cilitated by the ae-

ton ol mostire infilt hrongl j()ihl—('()l]—
trolled sortace drainae deoses in this
i e ar APPear g ¢ they con-
[ hed terraces, wlic nants of

1S I [ that the

POSIES « 000 vears

I, Forty-Mile Canyon: W Willow

N nidden studies of Betanconrt (1984, 19900,

(Agenbroad and Mead manuseript). Stratified
fhivial sediments are usially formd on either
side of steep talns slopes that are composed of
sandstone blocks and houlders overlain by co-
lian sand. These talus slopes often contain
prominent lavers ol macrobotanical fossils and
other remains such as bones, hair, and dnng.
FFive alcoves were chosen lor stu(l)' based on the
abindance of plant remains evident in the de-
posits.

MODERN ENVIRONMENTS

Climate of the Escalante Basin is warnm and
semiarid with highlv variable amomnts of annual
pr('('ipil;lli()n. Strong ()r()gr;lphic gr:uli('nts are
exliibited by both temperatare and precipita-
tion. Mean anmial temperative of Tow-clevation
sites along the viveris 12°C, with 230 mm or less
mean annnal precipitation. At high-elevation
sites in the II(’ill'l))' Aquarius Platean, mean an-
nal temperatine is 2°C, with 575 mm ol mean
annual precipitation (Webb 1985).
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Vegetation in the basin ranges from Great
Basin desertsernb to sproce-fiv (Picca spp.—
Abies sp]).) forest. Low arcas between 1400 m
and 1700 m clevation are a
shrublands and grassland (Tanner I(M(H
yon-juniper (Pinus Spp-—funiperus spp.) \\()()(l
Tand ocenrs between 1500 m and 2300 1.
[()]I()\\'(*(ll))':1)’(‘H()\\'])u1(*—();1]\"1neummitzl\'l’inux
})()H([’(’I‘US‘(I—()II(’)'(‘IIS‘ spp-— \r('l()s'l(lplu/[os‘ -
wens) association between 2300 m and 2700 1.
.\l)()\ © 2700 1, the sonther face and top of the
Aquarins Platean support a spruce-lir forest
(\Webb 1983).

T()l)()(’hll)ll\ in the innmediate arca of Forty-
Mile Canvon and Willow Guleh is diverse. 12 Je-
vation ranges from 2300 m at the top of the
Kaiparowits  Platean,  where  the  perennial
streams that carve the canvons begin, to about
1100 m at the confluence of the two canvons at
the Escalante River

Pinvon-juniper woodland - dominates be-
tween 2300 m and 1300 m. Below the woodland
on benches and in slick-rock areas is desertsernb
dominated by blackbrush (€ u/m«fl/m' FaMosis-
sima). Within the canvons, habitats vange from
nearly vertical rock faces to \«l”(‘\]]l\(’ areas;
from (ln rocky slopes and eree Kheds with ac-
tive, steep sad dunestor iparian woodlands and
hanging gardens. Vallev areas are dissected by
sundhvwashes. Many plant species such as skunk-

Pin-

bush (Rhus aromatica var trilobata), smgle-leal

ash (Fraxinns anomala), harberry ( Mabonia fre-
mnnlu) and serviceberry (Ame danchier utahen-
sis) are foomd thronghont the creck system in a
variety ol habitats. while others such as willow
(Saliv spp.). tamarisk (Tamarix ramosissima. in-
troduced), box-clder (Acer negundo), and seep
willow (Baccaris emoryi) arc f()lln(l only near
pernnanent rmuning water. Cottomvood (ln))u-
lus fremontii) is conmmon along permancnt
walerconrses as well as arcas where aronnd-
water is near the surface.

On drv slopes above the streamnbed. impor-
tant species inclnde  skimkbnsh, - sagebmish
(Artemisia spp.). blackbrush. snakeweed (Cu-
ticrrezia  spp.), pricklv pear, brickellbnsh
(Brickellia californica. B. grandiflora), and In-
dian ricegrass (Oryzopsis /u/mr noides). Tnval-
levs many of these same species are common
‘1]()n<f with winter fat (Ceratoides lanata) and

scattered individuals of Utali jomiper, single-leal

ash. netleaf hackbern (Celtis reticulata), and
cliff-rose  (Purshia mexicana). Thackbern is

mixture ol
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widespread bt imcommon. nsuallv ocenrring
in sheltered. shady areas.

Gambel oak (Quercns cambelii) is connmon
inwet, shady areas and hanging cardens in Wil-
low Guleh batis restricted to a relictual popula-
tion in a vallevlike area in the upper part of
Fortv-Mile Canvon. There it is fonnd only on
the shady. worth-facing side of the canvon
against the rocks and on the sides and bottams
ol deep, sandy washes. Shrub live oak (Q. tuir-
Dinella) is common in the npperreaches ol both
camons but becomes rare as the allivinm be-
comes wetter. Shinneny oak (Q. havardii) is re-
stricted to the driest, nppermost portions of the
canyons.

In the wettest parts ol the canyons, near
seeps and at the edge of the ereek, important
spedies inclide horsetail (Equisetum: spp.).
common reed (Phragmites australis). sedges
(Carex spp.. Scirpus spp.). bivchleaf huckthorn
(Rhanuusbetulacfolia), and saltarass (Distichlis
spicata). Box-¢ Aderis formd scattered along the
canyon bottom and occasionally i lmnmnu aar-
dens. Connnon hanging mu(lvn specics m(ln(lv
varions ferns and mosses as well as poison ivy
(Toxicodendron  rydbergity, cardinal lower

(Lobelia cardinalis). watereress (Nasturtinm of-
fu inale),  cardinal monkevllower  (Minuidis

cardinalis). and cohmibine (A\qguilegiamicrantha ).

Fosst Locariries
Hoopers Tollow: Grobot Grotto, and BF
Alcove are in Fortv-Mile Canvon: Shrub-Ox Al-
u)\(' and Oak Haven are in Willow Guleh (1 ig.
). Allare located between T100 and 1300 m in
(*](’\';ni()n,

Fortv-Mile Canvon

The alcoves in Forty-Mile Canvon are diffi-
cnlt to reach. \1)[)1()\1111(11( 10 of vertica or
nearlv vertical sandstone rises from the de ])]\
entrenched streambed to the hase of the al-
coves. Streamside vegetation below BIF Aleove
and Grobot Grotto is dominated by willow and
tnarisk. but there is little streamside vegeta-
tion below Hoopers Hollow.

Hoopers Hollow and Grobot Grotto are
large (100 '71)() m wide). sonthwest-facing al-
coves (Fig. 2). Tops of the deposits in both are
at approxin: lt( v 1200 m elevation. In both al-
coves modern vegetation is characterized by
desert grassland species. with a few seattere |

shirubs. Active and grass-stabilized sand dimes,
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) I {alcoves mentioned intext: AL Tooper's Hollow; B, Grobot Grotto: C.
Bl 1 center of B:units containing macrobotanical remains occur about
the ) roserved hotanical remains ocenr stratigraphicall above the lavered,
[l alcoves: sediments are of Sangamonian age.
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4 shed rock sandstone. are
qccorass s the dominant

hy (1 I. x‘ti ® BB
o tonnd. Dichan
wcices, Other spectes noted in the areainelude

mchoobush - Psorothannaes fremontii). Mormon
tea  Lpledra ciridis snakeweed. porenpine
prichh pear - Opuodtia erinacea hnckw heat

Erosonon inflation . and dogweed Dyssodia
pontachacta . _

BE Alcove is relatively narmow and faces
wortheast Fig. 20 1t is the highest alcove in this
studh at about 1230 m clevation. The area just
ontside the alcove is i stee . grass- -covered sand
dune. Species present m(n](h' Indian ricegrass,
dropseed (Sporobolus sp.). and - occasionally

Mormon tea and snakewee,

Willow Guleh

The alcoves in Willow Guleh are presently
Lairly casy to enter, nsnally reguiving onlya short
climb np a steep e smbankment or sand dune.
Shrnb-Ox Alcove is located inawide, vallevlike
arca al T190 m elevation and faces northwest.
Cambel oak and shmb Tive oak grow near the
stream below the aleove, Skunkbnsh, harbery
nl]](l |)|1(']((’IIIJIIS]| Are Connmonl, (:()tt()ll\\'()()(] I\
abimdant near the ereekbed and Indian rice-
arass is wide Spreg ad. Juniper trees are scattere «
across the vallev. Porcapine prickly pear and
hedae o cactus CEchinocerens sp.) are found
growing in cracks in the sandstone.

Ouk Taven is the lowest aleove in this study
at 1140 m elevation and faces nearly due west

Fig. 21t is narrow and shelflike, with a fairh
large. mbble-filled sheber on the north end. 1t
is awet alcove, althongl not so wet as
to destrov the fossils. abont 30 m ahove the
prosent streambed.

“active”

Thisisthe only aleove inwhich species fonnd

- losstl sannples stll ocenr alive today, Gambel
aak s abimdant throughont the alcove. Other
whoreal species found in or near the alcov e are
INTENE vy and bov-clder. Common shrnbs in-
ide seep willow sacred datnra «<Deatiera nie-
toly serviceherry. shimhbush.
| loborn = Shepherdia rotundifolia), and
\ plimge poolis located to the sonth

el contains common hanging

i twvo mgjor sedimentan
’ )

crs withont organic
I al Tvers with [os-
sils ‘diments. ol
which 1 my filled the
.ll(‘t)‘,l'\ ol

me prior to

ronndleal
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30.000 v B.P. They were deposited when the
camon stream was dammed downstrean. oS-
\ll)]\ by cither a sand dnne or canyon wall col-
lapse. \t(m\ point during dq)(mt]on behind the
dain, the canyon would ]m\ ¢ contained Tovial
tand possibl colian) umits in the stream chamel
arca, but there wonld have been lateral facies of
collnvial deposition in the aleoves. Once the
sediment depth had reached the threshold of
the dam height, ffovial deposition wonld have
ceased: however, lateral collmvial deposition
wonld have contimned. We are recovering fossils
in the lateral collmvial facies.

When the dam was breached, sediments
were probably downent rapidly in at least the
main streambed. Remaining sediments were
croded from behind and |)C]l(‘dtl1 by groundwa-
er flowing between the sediments and sand-
stone (seeps and springs). Thev were also
croded by chanmeling and water ﬂ()\\m<f over
the surface, ()speual]\ at the alcove dnplme
Remmants were left behind as predominantly
the lateral facies in the alcoves. The oldest dated
laver from onr studv, ca. 23.000 vr B.P (SOA4),
as well as mammoth (Manmurthus) dung from
below the profile in Grobot Grotto.w hlch dates
ca. 26,000 vr B.P (Mead and Agenbroad 1959),
isevidence that th( vallev scchmontsl]dd dll(‘d(]\
been estensively eroded by the Tast full glacial
{ca. 21,000 v B.P).

D(Jl)()siti(mal Enviromnents
and Taphonomy

The taphonomy (what happens to organic
remains after death) of the localities is impor-
tant to understand. O]gamc remains are pre-
served i the alcoves behind the dvipline. that
is.inside the shelterand awav from divect effects
of precipitation, Fossil remains were ncorpo-
rated into the alcove sediment lavers conceiv-
abh ])}‘ vartons methods.

(1) A plant taxon could have washed into the
alcove meaning that the plant actually grew at
a dilferent I()(d(l()l] (possiblv at a much lmrhm
clevationand ina diflerent community) dl](] was

carried |)\ stream action to a lower e]e ation, to
finally come t()(](‘l)()\lt](m in one ol our alcoves.
Iad this heen the seenario, the matrix inmedi-
ateharonnd the plant remains would be Tuvial
innatire. The sediments wonld show some sort
ol stream action or deposition. Even the plant
remains wonld show some sort ol transport
damage —which they do not show. This is not
the case. ‘
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(2) A 1)1111|t taxon conld have been camied
into the aleove by wind action. For this scenario
to realistically ]mpp(n the tavon in gnestion
would have had to grow nearbv enongh to be
carried into the alcove by wind. Long- (]I\ld]l((‘
transport of so many fossils is not like ]\ given the
present phy s]()(rmpluc situation. Cert: un]\ the
tanon could have Tived on the Tand above the
alcove—which is now mostly narrow slick-rock.
[aving anv of the fossil plants recovered in the
alcove actially: growing above the alcove, in-
stead of in the caavon, (l()( s not reallvalter onr
overall conclusions.

Andfinally: (3) a plant taxon conld have been
growing in or immediately outside the alcove.
l’].mts in this scenario wonld have pristine
nmcl()lmgm( nts, (“\((pl for sitnations where
spatling wall rock damaged the specimens. The
encasing sediments nn])]\ that onlv a collnial
(xptxllm(r) depositional environme nt is present.

1tis our opinion that given the three possible
depositional scenarios outlined above, the al-
cove and the fossils disenssed here are the result
of, at least 1)1‘0(1()|ninzmt]'\; m sitn (101)()sili(>n;
that is. species actnally grew inside or in the
innediate vicinity of the alcove.

METIHHODS

Macrobotanical Fossil Collection
and Analysis

Muacrofossils were found in unconsolidated
Javers (leafimats) in the deposits or mixed with
spall sands and blocks. Samples were difficult to
obtain becanse the truncated de lmslts WETC Ve
steep and loose (at angle of repose). Exposed
sirfaces were cleaned to remove loose. con-
taminating s]mnpzwv The in sitn leafinats were
swamnpled ])\ removing the mass of leaves, twigs,
and other plant nmton.lls by hand or \\1t]1 a
trowel. In between the leafmats or where plant
remains were found mixed with the sand. bulk
samples of sediment were collected.

Samiples were taken from varions locations
within each site so that an accurate dese ription
of the plant commmnity and a chironology of the
site could be constructed. Generally, Ll\(n\\( re
sampled along a vertical line ( pmh](‘) from the
top of the deposit. At Oak [Taven, Grobot
Grotto, ;mdS]lmb-()\Ak-()\'v,s;nnplos“‘(*r(*ulsn
taken to the side of the main profile to test as
mnch of the variability of each laver as possible.
At BF Alcove, a 0.25-m pit was excavated and
bulk-sampledat 10-cmintervals. These samples
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were drv-sereened throngh T mesh at the
site. Because the sand wias so loose, it was nearly
impossible to avoid mining the Tavers along the
edges of the pit. When sterile s andwas found at
40 ¢ the excavation was terminated and the
pit backfilled. A similar pit was excavated at the
top ol the deposit (Holocene) at Grobot Grotto:
however, the same slinnpage problems were
encountered. Sincee recovervwas minimal, exca-
vation was terminated at 30 en.

In the Laboratony of Quatemany Paleontol-
oav (Northern Arizona University), bulk saim-
p](\ were  dnvesereened l]n()n(fh a 20-mesh
(0.S4-1m) soil sereen, T hev were identified by
using the modern collection honsed in the Mu-
seunt of Northern Arizona Herbarinm, consnlt-
ing with varions members of the biology faculty
at \()l't]l(‘ll] Arizona U m\msll\ and ¢ \dHlHIlIl(f
regional literature (Gould 1951, Martin ‘m(l
13(111\]() 1961, Morris et al. 1962, Delorit 1970,
Elmore 1976, Albee 1979, \Welsh 1956, \Welsh
ctal, 19S7: Table 2). Plantswere identified [rom
twigs, leaves. seeds flowers. flower parts (espe-
ciallv involueres), and fruits. Sinee the original
mass and the mmber of mmidentifiable {rag-
ments varied from sample to sample. all identi-
lied parts were connted and assigned a relative
abimdance according to the following scale: 1
rare (1-2 fragments), 2 = unconmmon (310
fragimients). 3 = connmon (11-30 fragments), 1
= very connuon (51-100 lmvm(*nts) 5 = abun-
dant (=100 fragments) H()]]()\\m(r Van Deven-
der 1973).

Radiocarbon Dating

When possible, radiocarbon dates were ob-
tained on a single species fronrasingle Tver, In
cases where no single species was 4])(111(]411[
composite sample of a single species from t\\()
lavers (BE Alcove) or a plant species and some
fecal material from a single laver (Oak Haven)
were used. Multiple (Llllng I)l()((‘(ill)'(’S were
performed in cach alcove to establish achronol-
ooy, Ml radiocarbon dating was done Iy Beta
\11(1]\t1( Incorporated. Coral Gables, Florida
(Table 1.

ReEsurrs

Ninetv-one fossil taa were identified. 62 to
species (Withers 19591, Of those. onh six were
common to all alcoves: Gambel oak. box-elder.
serviceberny, prickly pear. skankbush, and In-
dian ricegrass. Fourteen radiocarbon dateswere



GREAT BASEN NATURALIST

Volume 53

scta bl instratigraphic order. for Forty- Mile Canyonand Willow Gulch samples.
b BE Ahove HI] Hoopers Hollow: SO, Shrub-Ox Alcove; O, Ouk Haven.

Material dated

Quercus gambelii branch
Quercus gambelii branch

Querens gambelii trunk

Dung
Pscudotsuga menziesii needles

Quercns gambelii twigs
Quercus gambelii twigs

Quercus gambelii twigs
Querens gambelii twigs
Quercus gambelii twigs
Quercns sp. limb fragment

Quercus gambelii branch
Rosa woodsii twigs
Picea sp. twigs and dung

I B o
( ( tt
Rachiocarbon it
S ik Yr B 1.ab no.
Grobot Grotto
() NONC
(| NONC =
Mol o 7510 - 1060 20999
(. (% 9730 - 170 20999
¢, none
[ P 9920 + 100 20999
BF Alcove
131 790 - 190 14727
12,130 2 170 20995
Hoopers Hollow
L] 10.630 + 110 25412
1112 12010 = 110 25411
Shrub-Ox Alcove
SO 5520 + SO 25415
SOA2 $S530 + 190 25656
SONA3 12,690 + 150 25416
SO 23,100 + 660 25413
Oak Iaven
(S130] 9150 + 100 25929
OH2 11.690 + 120 25418
OI13 *O470 = 150 25657
OlH none -

obtained to detenuine the age of the deposits.
Matervials dated included Gambel oak wood,
rose - Rosa woodsii) hranches, Donglas fir nee-
dles, sprice twigs. and dung (Table 1)

Fortv-Mile Canvon

GROBOT GROTTO = Excavation into Holo-
cone sedimentsat the top ol the d(‘posit_\’i()ltlvd
e macrolossils: and sinee there was no olwions

stratigraphy they were treated as one sample,
GGO not dated . This sample isidentieal to the
mode i flora as obsened elsewhere in the ewi-
NOI
collected from the 275-
Cambel oak leal-rool spall Taver that
A 157 e dow from llu-(]ulnin;lt the

1“om nmlplw were
cin-thick
he ¢
(e)lu)“lu‘(]l‘[ww\]' |

|
O]

these samples contain-
iy ( -amhwl Oak tted tor radiocarbon

datin Twigs Fron 1 nean

the hottom
ot ]u lullx leat Tver d. | \‘
9700t 700 B P ]

!wnw

position [rom
& icee of oak

IHMIU’«‘]]I\EIH;(’l:t \

ohle dat

i west

I'K! ca 9900

Thirty-five plant taxa were identified (Table

). Pric l\l\ pear and Gambel oak were the most
al)undant species in the oldest layer: blackbrush
and Mormon tea were conmmon. More species
of grass (four) were identified from this sample
than from any other. Indian ricegrass was com-
mon.

The remaining samples reveal no discemible
change mitil all plant species disappeared from
the aleove sometime after 7500 yr B.P. Gambel
oakwas the most abundant fossil species. Prickly
pear was common in an undated sample from
the bottom of the profile (GG4) and in the
voungest sample (GG1). Other species present
in small nnmbers include box-elder, hackbern,
lishhook cactus (Selerocactus sp-). Solomon’s
seal (Smilacina sp.). and Indian ricegrass. Indian
ricegrass was the only species present in all
sanples,

BI* ALcovi-The four samples from this
alcove showed little variation except for a de-
crease in overall maerofossil abundance as the
sterile horizon was approached. The lack of dis-
cernible: stratigraphy in the test pit and low
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weights of any one fossil species resulted in the
decision to 1)()()] the Donglas fir needles from all
samples for -adiocarbon dalmg. The two dates
merge around ca. 12,000 v B.P (Table 1),
Thirty-nine taxa were identified (Table 2).
Most abnndant were Douglas fir, bigtooth ma-
ple (Acer grandide nl(mnn) box- e*l(]m prickly
pear. mmmt un mahogany (Cercocarpus ledifo-
lius), and in(ligolm.sl). Other common species
included  Gambel oak, ciorant (Ribes  of.

cere um) skunkbush, hackbery, and single-leaf

ash. Spruce and fir were pwsvnt |(])wwnt(~d
lesp(’(tl\t v by one needle and one cone scale.

Hoorers HoLLow—The oak laver at
Hoopers Hollow begins 190 ¢m from the da-
tum, is up to 100 em thick, and has been burmed
extensively. Two samples record plant connmu-
nitics ol ca. 10,600 and 12,000 vr B.P. (Table 1).

Only 13 taxawere identified from thisalcove,
the low number reflecting the lack of presenva-
tion because of buming (Table 2). Gambel oak
WAS VeIV Comimon in the Late Pleistocene san-
ple. Uncommon or rare species identified from
this sample were pricklv pear, rose, box-clder,
water birch (Betula occidentalis). spruce, and
Indian ricegrass.

The Early Holocene sample records changes
in the vegetation during the Pleistocene-1olo-
cene transition. Rose, water bivch, box-elder,
spruce, and mountain mahiogany were no longer
at the site. Gambel oak an(l pnd\l\ pear were
commnon. Unconmmon or rare species inchded
poison vy Solomon's seal, skankbush, and In-
dian ricegrass.

Willow Gulch

SHRUB-OX ALCOVE.—The oak ]:l}'('l' in
Shrub-Ox Alcove began 120 e from the datiin
and was abont 350 em thick. Gambel oak was
dated from fonr samples. The oldest date
(23,100 = 660 vr B.1) was on what appeared to
be oak wood from a highly degraded part of the
macrofossil layer. ()nl\ tlncc taxa (ouak, hack-
berry. and mountain nm]mtmm)\\'m( recovered
from this sample, but the (()nmmmh appears to
have been similar to those of the latest Pleisto-
cene in this and other alcoves. The remaining
samples record the communities from the Late
Pleistocene and the Earlv Holocene, ca. 12,700
to S300 yvr B.P. (Table 1).

Thirty-cight plant taxa were identified (Ta-
ble 2). Gambel oak was abimdant or very com-
mon in all samples. Box-elder and bigtooth
maple decreased in abundance from the oldest
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to the voungest sample. Tackbe ITV WIS CON-
mon in the s ‘unl)](’ dated SS30 yr B.P but be-
came icommon by $520 v B Prickly pear
wis never abundant as in the other alcoves, but
was only rare or uncommon in the voingest
mnp]( s. An increased number of grass taxa
(five) was observed in the voungest sample.
Mountain mahogany was rare or uncommon in
all samiples. Sage brmsh and saltbush were rare
or umcommon in the vonngest samples as were
serviceberry: rose, andl brickellbush.

Several species were re corded only from this
dl(‘()\(‘—\\]”()\\ in the Late Pleistocene sample.
and Utah fendlerella (Fendlerelle utahiensis).
two sedges (Carex bella and Cladinn californi-
cum). and cottomvood in the youngest sample;
all were rare.

OAK HwWwEN—Oak Haven has both an oak
laver and a rose laver. The stratum containing
the rose laver was chosen for profiling. lhc
deposit l)(*fmn 20 ¢m trom the datim and was
about 155 cin thick. The oak laver is located to
the north of the profile in a pile of wall fall
overlain by colian sand.

Three samples were submitted for radiocar-
bon dating (Table 1). The Gambel oak sample
from the oak Taver dated ca. 9200 vr B.P. The
twolower radiocarbon dates fronm the profile are
reversed relative to the stratigraphy. Rose from
the top of the nnit dates ca. 11,700 vr B.P, while
asanple of spruce twigs combined with ungi-
late dimg from bhelow th(* rose laver dates ca.
9500 vr B.P We feel that the spruce date (Beta-
_06)1 Jis ¢ (llll\()(‘ al, as it is a combination ol two
entirely different species and shonld not be as-
swn( (l to spruee or the \ﬂ(lh”](l])]ll( [)osltl()n
until confirmation.

Forty taxa were identilied from all samples

(Table 2).7 e vonngest si unl)l( contained abun-
(]lnt fossils of Gambel oak. Water bireh and
higtooth I]l‘l])](‘\\(*l(‘(()Illlll()ll Rose is the most
abimdant sp(’(ws from the dated rose laver.
Common species from the laver include Gam-
bel oak, bigtooth maple, and Donglas (it Rare
or nncommon species inclide sagebrush. hox-
elder water bireh, prickly pear and spruce. The
two lower, indated lavers contain abimdant rose
and spruce: water birch and box-clder were
COMIION.

The Forty-Mile Canvon=Willow Culeh
Sequence

The fossil abundances of selected species
from both canvons were gronped into a seriated
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TaBLE 2. Continued.

GO GG GG2
Guticrrezia sp. -
Haplopappus heterpogon
Haplopappus ol deunmondii - -
Haplopappus sp. 1
Heterotheca sp.
Hymenoxys sp.
Juniperus seopulorion
Juniperus sp. I
Lycium pallidum I
Mentzelia Sp-
Opuntia sp.
Phiox sp.
Picea sp. -
Polygonum sp.
Populus . fremontii
Pscudotsuga menzicsii
Purshia tridentata
Quercas ganbelii 1
Quercus sp. - -
Rluts aromatica var. trilobata
Ribes ¢l cereum = =
Rosa woodsii =
Salix sp.
Sclerocactus sp.
Shepherdia rotundifolia -
Swiilacina sp. -
Sphacraleca sp. - -
Toxicodendron rydbergii -
Trifolinnm sp. 1
Wiethia sp. ]

o8]
Y]
¥ %]
St

1o
()
— = )9 |

chronosequence (Fig. 3. Some of the variability
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CG3 GG

V=]

scen i the sequence is probably an artifact of

sampling and site-to-site difterences rather than
arcal change invegetation: however the general
trend toward (l(*(lc.lsmu abundance of meso-
phytic species is ()]m()ns Douglas fir, spruce.
cirant, and firdo not appearin e
after 11,690 vr B.P. Willow is also absent from
the record after 11.690 vr B.P. but it is common
in arcas with permane nt water in the ¢ ANVOUs
today. Rose. bigtooth maple. single-leaf ash. and
moumtain m ahogany persist nntil $320 vr B.P.
while box-elder [)vmslsnntll 7510V B.P These
species were not as abundant in s.unph s from

after 11 000y B.P as they were insaniples prior

to that time. TTackber and water bireh hecome
more abundant in lh(‘ ampl( s alter 11,000 vr
B.P. Hackbern, box-elder and single-leal ash
are found restricted to the more mesic habitats
in the canvons today: Oak shows little variability
in abindance thmn«hou( the sequence. The
lack of deposits of anv kind dating after 7510 vr
B.P suggests that the (llsappmmncc()I oak from
the alcoves by that time was a real event. al-
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though the species persist inother cases nearly
today.

The more xe roplivticspeciesin the seqnence
are prickly pear. sagebrush, saltbnsh. skink-
bush. blackbrmsh, ‘111(1 Indian ricegrass. Skink-
bush persists in the record nntil 9150 vr B.P and
was most abimdant in \(unl)h s that (Lll( [)nm to
12,000 vr B.P Itis common and abimdant in the
cavons today. Prickly pear was most abnnedant
inthe sampl( from ca. 12,100 vr B.P and isven
cormmon in the camvons todav. Indian ricegrass,
sagebrush. salthnsh. and blackbrush show little
variabilitv in abindance thronghont the tinie
slmnn(*d'l)\ the record althongh they are not
formd in eveny s nnplo I()(l(l\ In(]mn ricegrass
is the most wide ssprewd species in the canvons,
while the others are frequently encormtered in
drier habitats.

DiscussioN
Plint communities that can be described

from H{ossils recovered {rom the alcoves are
much like those found in the canvons toda.
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Major ditferences lie in the abundance of meso-
phytic. velictnal species and elevationally de-
pressed. extralocal species dating from the Late
Pleistocene and Early: Holocene, The most
striking similarity is the abundance of Gambel
oak in the fossil record and its abimdance in
some arcas of the camvons todav. While more
verophytic species such as Indian ricegrass and
prickh pear have shown changes in abindance,
therr distributions appear to have changed little
i the last 13.000 vears.

hulerences regarding changing precipitation
reamnes based on paleovegetational changes
[ossil record are complicated by the
\ Inhitv that the communities were
thee st in the past than the

el

t Lav. Three facts suggest that
th Bison  Bisont. camel ief
(' th fregnented alcoves
in th I tl 12.000 vr B.P.
Mead 92 . 1t seems
highhy n would be

able to g 1C stream

were located inits present position since at best
a steep embankiment must be climbed and at
worst 10 m of vertical sandstone must be scaled.
(2) The existence of Oak Haven. This “active”
alcove is wet and is the only alcove currently
supporting Gambel oak. We helieve that condi-
tions at Oak Haven are analogous to conditions
in otheralcoves during the Late Pleistocene. (3)
All fossil deposits are located behind the
cripline, away from direct effects of precipita-
tion, in dryv section of the alcoves. This suggests
that precipitation was never directly responsible
for maintenance of plunt commmities within
the alcoves but that plants were dependent on
availability of groimdwater flowing from seeps.
springs, and the intermittent canyon strear.
Gambel oak is a definitive indicator of cli-
mate becanse it is sensitive to narrow limits of
moisture and temperatine (Grover et al. 1970,
Neilson and Wallstein 1983). Its presence
thronghont the time spanned by thisassemblage
makes it suitable for making analogies, at least
for temperature. 1t is found only in areas with
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mean annual temp(’ atures of 7-10°C (Iarper
etal. 1983). It is indicative of at least 430 mm of

annnal rainfall and no less than 230 mm of

winter pwuplt.ltlon but its pm\nml\ to a
source of groundwater such asastream modifies
these requirements (Grover et al. 1970). The
extralocal species will also he used as important
indicators of changing temperature and mois-
ture regimes.

Based on the plant taxa identified fron the
samples (Table 2), we have designated three
stages: Late Pleistocene, which includes sam-
pl()s dating >11.000 yvr B.P. (including OH3);

Early ]l()]()((*no between 11.000 and SO00 VT
B.P; and Ter nnndl Earlv Holocene, between
S000 and 7000 yvr B.P.

Chronology of Paleoenvironmental Change

[ATE  PLEISTOCENE ENVIRONMENT
(>11.000 YR B.P.)—Elevationally  depressed,
montane species are the halhmark of Late Pleis-
tocene plant commumities. In Fortv-Mile Can-
vonand Willow Guleh, spruce occurred as much
as 900 m lower than today while water bircl was
up to S0 m lower. Donglas fir, currant, and
mountain mahogany exhibited depressions be-
tween 260 and 300 m, and bigtooth nmple was
as much as 140 m lower, All t])( se species (with
the possible exception of bigtooth maple) are
extralocal and probably occur no closer than the
Aqnarins Plateau, about 70 kin to the north.

Relictual, mesophytic species were abun-
dant during this time. Species that appear to
have been common in the Late Pleistocene,
such as rose and box-elder, are rare or uncom-
mon in the canyons today. Where they do oceur,
thev are restricted to streamside or other shady,
wet situations where seasonal droughts do not
ocenr. While Gambel oak is conmon is some
areas of the canyons. it is also restricted to more
mesic habitats. The only nnp()mmt xerophvtic
plant in the (LSSCINI)]LIU'(‘S is prickly pear. The
plant community of the carlier time can be
interpreted as representing a somewhat cooler
environment with more available moisture than
is found in the alcoves today. Whether these
were just seasonal differences cannot be stated
at this time.

The Escalante River served as a route by
which high-elevation species such as Douglas fir
and spruce were able to disperse into the Tower
canyons, Mean annual temperature in - the
Aquarius Platean today is abont 2°C. However,
prickly pear, which is common in the fossil sam-
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ples. is rarely foumd in arcas with mean anmal
temperatures below 6°C (Betanconrt 19S4).
Gambel oak, also very common or abundant in
the fossil assemblages, is found onh in arcas
with mean ammal  te mperatures of 7-10°C
(lldll)( retal. 1985). Mean ammal temperature
in the Escalante Basin today is 10-12°C (Webb
19S5). Itis unlikely that (()()hndm the Escalante
Basin (]lll]l)U the Late Pleistocene exceeded the
3—°C l)()\flll(lt(’(l by Betancourt (1954) for
higher-elevation sites in the Paradox Basin. We
mt(*l]mt that mean anmal t(‘mp( ratnre ex-
tremes in the Escalinte River arca may have
been little different from those of today. Cold
air drainage from the Aquarins Platean and in-
creased local water availability may have been
responsible for the persistence of montane spe-
cies in the canyons.

Although temperatares in the Escalante Ba-
sin mayv lm\ol)( enlittle ditferent fromwhat they
are m(Ln it is apparent that the alcoves were
much wetter. We hypothesize that this was at-
tributable to increased groundwater rather than
increased local rainfall. During the Late Pleis-
tocene these canvons contained much more val-
ley fill than they do todav, and stream base level
was up to 30 m higher.

Stream entre ndm)('nt can take P]‘(l(‘(‘ (lnn’ng
moist pen'()(ls when p]unt cover is abundant or
plentiful in the upper reaches of the stream
(Antevs 1955). H rainfall was greater at higher
elevations during the Late P](ist(x(no as s
suggested by most workers (Phillips 1977, 1954,
Spanldm(f and Van Devender 1980, Be tmunmt
19S4. Davis et al. 19S4), then For t)—Nlll(' and
Willow crecks probably began to become en-
trenched during the Late ljlmst(x ene. Becanse
of entrenchment, the erosion of vallev fill con-
timied and groundwater levels began to de-
Crease.

EARLY HOLOCENE ENVIRONMENT (11.000
TO 5000 YR B.P).—The major reorganization of
the l)]dllt(()ll]l]]lllllt](‘\(llll']])“tl]l&tll]l(’ll()t( > Dy
Betanconrt (1954) and other workers on the
Colorado Platean is apparent in this assemblage
also. The only extralocal species foimd in the
fossil assemblages were bigtooth maple and
mountain lll<ll|()9‘\(l]l}. While still at lower eleva-
tions than thev are found today, clevational de-
pressions decreased to 30 m and 200 .
respectively: Fossils of these and other relictual,
mesophytic species snch as rose persisted bt
were less abundant than in the previous stage.
Even Gambel oak deereased slightly in some of
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woatplos Vre e no apparent inereases
e ab mcdaec ol \n-mpll\ii(' pl;mt.\, It de-
brntdances of imesoplivtic plants are

YOasing
w both temperature and

vlence of chanaes
monstire rednnes

Data for Forty-Mile Ganvon and Willow
Culeh appear to indieate tho shifts in the flora
that e similar to those seen in the Paradox
Basing Entralocal species exeept rose drop from
the record prior to ca. TO.600 vr B.P Bigtooth

naple rose and momitain nmlu)(nul\ recover
for a short time between e, 10,000 and S300 vr
B P belore dropping from ihe record. Gambel
ok increased in abmdance and hackbern be-
came connnen dinring this time, lll(]](\l(lng that
annmier moistare may have become more reli-
able with the establishment of the monsoonal
bomdan.

Shifts in the Horas seen in the Escalante
Basin dining the l’un]\ Holocene indicate that
priorto 10.600vr B.1 te mperatnres ortempera-
thre estremes hegan to inerease and moisture
availabilitv was less reliable. This resulted in
decreased abmdances ol me sophvtic plants and
the nl)\h)p( retreat of Donglas fir and spruice.,
\ter 10, GOONT BP. the recovervol III(\()I)II\TIC
species sne I as bigtooth l]).l[)l(‘ indicated that
moistnre  av alh]nht) beeame more reliable
againalthongh most speeies do not appear to
have been as abndant as in the latest Pleisto-
cene. This moisture s still more attribntable to
increased arommdwater due to higher stream
buse level. Grommdwater levels and
stream entrenchinent Alnetnated during this
stage in response to flnetnating rainfall amonnts
as the simner monsoon moved to its present
position.

\ast date ol ¢a. STO0 v B on Gambel oak

anesat Cowhoy Chine I\]]ll( pre l(‘(l(l\llldll\lll”
rlu e nlnnmlmmm serie climate s Spe 1|1|(1|n<r

W Vo Devender 19801 The sample that dates

0 SS00r BE from Shirab-On Aleove contains
dmt Guarbel oak anthers. Gambel oak on

3 ‘ c e sites olten Lails to produee ma-
] s bt produces an alvwmdanee

ol I'recinan et al, T9STL We he-
fe ‘ Lorsdate marks the termina-
hon nts o the alcoves. with
the e than 1O m above
i pr were stillwetter
than they o ['the stage. bt

continmed strca nhninated in

nd ol the
s became

dricr aleove e
Farly Holocene, The

rate ol
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less reliable or completely dried np. Conpled
with warmer seasonal temperatires, this diving
resulted i the disappearance of most meso-
phytic species by the end of our stage.
TerMINAL EARLY HOLOCENE ENVIRON-
MENT 15000 TO 7000 YR B.P).—The one sample
from this time period is from Grobot Grotto.
The fact that there is only one sample in itself
snggests a major (hanﬂe in the enviromment
alter ca. 5300 vr B.P Thv mmp]e contains only
Gambel oak and prickly pear in any quantity. No
plant macrofossils are found above this laver in
Grobot Grotto, and none above lavers (Lmntf a
thonsand vears earlierin Slomb- Ox Alcove. Tlns
siwmple appears to mark the beginning of ex-
tremeldrv enviromuents in the alcoves and the
establishment of the present envirommental
regime.
Becanse of its dl)]l]f\ to wpl()dn(e vegeta-

tively (Cottam et al. 1959), Gambel oak is Llhle
to persist in areas where se (’d]ings are unable to
hecome established. The stand of oaks that lived
in Crobot Grottoamtil 7510 vr B.P. likelv repre-
sents the last hold-outs before the local water

table became so low that even they died. The
disappearance ol Gambel oak and all plants
(rom the alcoves is inl(‘rpr( sted as re l'n'cs'cnlind
warmer, and at least seasonally drier, ¢limates,
and therefore the entwnc]nng()l the st]eaml)(*d.
Stream base level was probably very near its
present position by this time, leaving the alcoves
high and dry, withont arommidwater resources to
f(l(’(] the seeps and springs that had previonsly
supported the plant commumities.

Biogeographie and Paleoclimatic
Considerations

The Escalante River appears to have served
as a major migrational route for high-elevation
and e “’l’]'\ tic species dnring the Late Pleisto-
cene. It s Jikely that stream 1)(1\(‘ level was as
mneh as 50 m |ngh(*r than at present. At the
lowerelevational imits of a plant, high tempera-
tores and deficient soil moisture produce tran-
spiration stress in established individnals and
rednce the potential for germination and seed-
ling establishiment. Relavation of these controls
can be accomplished by lowering snmmer tem-
peratire: extremes, which \\()nl(l result in in-
creased effective moisture, or by increasing
precipitation (Betanconrt 19S4). Sinee drought
was not a limiting factor. the elevational depres-
sion ol montane species observed in this arca
was probabh prinwily the result of cooler smmmer
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temperatures, possibly facilitated by cold air
(ll'dl]ld"(‘ f]()m the Aquarius Platean.

Sont]lm]\ displacement of the polar jet
stream dumw the Late Pleistocenc has been
proposed. ])dS(’(l on paleovegetation (Van De-
vender and Spanlding 1979) and modern plant
distributions (Neilson and Wullstein 1953). In
southeastern Utah this would result in milder,
wetter winters and cooler, drier smmmers, an
equable climate (Betancourt 1954). This inter-
pretation corresponds well with the interpreta-
tion of the assemblages from onr study as well
as with those of most other workers (except
Cole) on the Colorado Platean. Gambel oak was
at low-elevation sites in these canvons and at

Cowboy Cave and Bechan Cave. Today, its
northem limit coincides with the polar jet
stream at 417 N latitude. The fossil distribution
of Gambel oak snggests that the polar jet stream
was displaced into the central Plateau at about
35° N latitude during the Late Pleistocene.

The terminal date for woodland commmi-
ties in the Southwest is (onslstent]\ vounger
than the traditional date of ca. 11 ()()()\1 B.P. fm'
the end of the Pleistocene. However, in North
America this boimdany is generally I)(~h(X\ ed to
be  time-transgressive  (MWatson and  Wright
1980) and appears to vary with latitnde. Transi-
tional commumities with mesic characteristics
persisted in many areas ntil the end of the
Early Holoeene, ca. 7500 vr B.P. when wood-
land species disappeared from modem desert
areas (Van Devender 1977). The changes in
vegetation during this time imolved a gradunal
deerease in the abundance and nimber of
woodland species and a relative inerease in the
importance of desert species, many of which
were already present (Phillips 1977). In the cast-
em Grand Canvon, peak values for vegetation
change (species (ux) were recorded between
12,000 and 8000 vr B.P. Cole (1955) helieves
that Wisconsin species tended to disappear
prior to the establishment of modem species.
The major reorganization of vegetation zones
during this time precludes the use of elevational
analogs (Betancourt 195+4).

In onr study we postulate that warmer tem-
peratures and increased drought stress due to
[Inctuating groundwater leve ]s resulted in the
upslope retreat of montane conifers and de-
creased abundance of mesophytic species dur-
ing the Earlv Holocene. Mesophytic species
5110\\ ed a brief recov erv late in onr stage before
disappearing from the alcoves ca. S300 B
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Sexual reproduction in oaks stopped by the end
of the stage. as evidenced by the abundance of
male catkins in samples from Shrub-Ox Alcove.

The polar jet stream retracted to the north as
the snmmer monsoonal bondary dppl(m(ll( xl
its current position. This wonld result in higher
anmal temperatures and  sunmmer extremes.
less available moisture, more reliable summer
precipitation. and a prolonged spring dronght.

The senescence and death of oak trees and
the disappearance ol all vegetation [rom the
alcoves in the camvons by ca. 7500 vr B.P are
mt(*q)l( ted as th(' re sn]t of wanner te mpera-
tures and the establishiment of stream base level
near its present position. Most otherworkers on
the Colorado Platean have interpreted their re-
cords as reflecting greater effective moisture
(llm’ng this time. However, our record reflects
more xeric conditions as a result of deercased
grommdwater and possibly seasonally drier con-
(]m()ns The disappearance of € sambel oak from
low-clevation sites in the central Colorado Pla-
tean may represent a northward retraction
and/or upslope retreat of the species as condi-
tions at lower elevations became too hot and (ll')'.
Conversely. the xerophvtic shrub live oak, whose
northem boundan: cnrre ntly coincides with the
monsoonal ]J()l]]l(]dl\ and  Pinus edulis ox-
panded northward in response to hotter, drier
conditions, similar to Antevs” Altithermal. Liv-
ing populations of relict hvbrids between the
two oak species as well as hetween P edidis and
P monophylla ocenr at the Middle Holocene
northern limit of shirub oak and P echdlis and the
sonther limit of Gambel oak and P monopluylla
(Larmer 1974, Neilson and Wallstein 1953). To-
dav shmb live oak and P edudis veach their
northern limits far sonth of the relict hybrid
])()pnlutions.

Cole (1951) snggests that a northward shift
of the summer monsoon and [)()]111' jet stream
wonld explain his xerie record for the castem
Grand Canvon, while the same scenario is in-
voked to (\pl in the ocenmrrence of the hivbrids
and is consistent with a recent study ol modem
and fossil distributions o apomictic and seanally
reproducing populations of mmttongrass (Poa

fendleriana) on the Colorado Platean (Soreng

and Van Devender 1959). Tt wonld also ¢ \ann
the dn record for the Escalante Basin. Those
records from the central Platean that are inter-
preted as wet are from higher-elevation sites
where wetter, cooler situations could  have

p(‘l'sisu‘(].
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The record Trom Forts-Mile Canvon and
Willow Culeli reflects at least seasonally and/or
locally wetter |m>n-(-(in,1lvlrc-lim;lt(:\in the Late
Plerstocene. The macrolossils record gradnal
warnning and drving, which became: extreme
\mlwii||1<~.1|'I<'|'S.;)()())r B.P so that allvegetation
disappeared from the alcoves by 7500 vr B.1
The increased dnmess is directly attributable to
falling stream base levels and decreased gronnd-
water and only indireetly to changing amounts
and or \(‘;lS()llz.lli(.\' ol precipitation.

Our record is ingeneral agreement with
other Colorado Platcan records except that it
appears torellect at least seasonally drier condi-
tions dnring the Middle Holocene. This is prob-
ablv hecause onr sites are at lower elevations
than the others. arther studies of similar mac-

robotanical deposits in the surronnding area, if

they exist, are in order. Expansion of this record
conld delineate the clamging position of the
northermn limit of Gambel oak and, by extension,
the geographic positions of both the monsoon
and polar jet strean thronghont the late Quater-
nanv: Additional data from this area wonld also
Lelp refine the  geographic and  temporal
honndaries of hoth wet and dnv altithermals,
\dditional paleobotanical studlies in the area are

necessary if the late Quaternary paleoecology of
the central Colorado Platean is to be adequately

inderstood.
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